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 In this issue of  Kidney International , 
Polzin  et al. 1 suggest a connection between 
corin, atrial natriuretic peptide (ANP), 
  -epithelial sodium channel (  -ENaC), 
and phosphodiesterase 5 (PDE5) in the 
Na   +   and volume retention in nephrotic 
syndrome and leave one with more 
 questions than answers. The authors 
explore the role of corin in the kidney in 
animal models of kidney disease. Th ey 
identifi ed corin as a protein of interest in 
this pathology through the use of a micro-
array analysis of kidneys from rats with 
nephrotic syndrome. Of all the proteins 
that changed, why did these scientists look 
at corin as particularly interesting? 
 Corin is a recently discovered 2 serine /
 threonine protease that has mostly been 
studied in connection with the heart, as 
ANP is a substrate for corin. Corin cleaves 
the pro form of ANP at serine 124 to yield 
the active ANP and, hence, plays an 
important role in the response of the heart 
to high blood pressure or high blood vol-
ume. Although synthesized in the heart, 
ANP is released into the circulation in 
response to high blood pressure and 
moves to target organs such as the kidney, 
where it binds to its receptor, natriuretic 
peptide receptor A (NPR-A), and increases 
cyclic guanosine monophosphate (cGMP) 
production. ANP is also produced in the 
kidney, suggesting that corin in the kidney 
may specifi cally address renal responses 
through ANP. 3 Increased cGMP promotes 
a variety of eff ects, including stimulation 
of cGMP-dependent protein kinases with 
a resulting decrease in renin release, sup-
porting aff erent vasodilation and eff erent 
vasoconstriction, and blocking sodium 
and water transport in the proximal tubule 
and ENaC in the collecting duct. It will 
also stimulate cGMP-dependent phos-
phodiesterases, initiating an exquisitely 
sensitive feedback control of the eff ects of 
cGMP release. Th e consequences of ANP 
release, therefore, are natriuresis, diuresis, 
and vasodilation resulting in a lowering of 
blood volume and salt retention. 4 
 Although corin is known to cleave ANP, 
its role in the kidney remains largely unex-
plored. Polzin  et al. 1 explore the possibil-
ity that corin may do more than activate 
ANP, and they present compelling data 
that suggest a connection between the 
proteolytic action of corin and the 
response of ENaC in nephrotic syndrome. 
Th e authors used two rat models in their 
studies: the puromycin aminonucleoside-
induced nephrotic syndrome and anti-
Th y1-induced glomerulonephritis. Th ey 
paired these animal models with studies 
in transfected mpkCCD cells in culture. 
Th e background data that support a role 
for corin are strong. Th e authors present 
microarray data showing that corin 
mRNA in the inner medulla of the neph-
rotic kidney is reduced as compared with 
control levels. While message was not 
reduced in the cortex, corin protein levels 
were reduced, and this was refl ected in a 
decreased level of active ANP and an 
increased level of pro-ANP. In an immu-
nohistochemical analysis, they found 
corin in the proximal tubule in subapical 
vesicles, in the thick ascending limb in 
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 The serine / threonine protease corin, which proteolytically activates atrial 
natriuretic peptide (ANP), is reduced in the kidneys of animals with 
nephrotic syndrome and glomerular nephritis. Polzin  et al. provide 
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resulting from the reduced corin may be responsible for the Na   +   retention 
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perinuclear vesicles, and in the collecting 
duct in general cytoplasm. Th ey did not 
provide information about the presence 
or absence in the glomeruli. To comple-
ment this, they determined the sites of 
ANP production (as assessed by the pres-
ence of ANP mRNA) in the glomerular 
podocytes — weakly along the proximal 
tubule, strongly in the medullary thick 
ascending limb and in the collecting duct. 
It would be interesting to determine 
whether corin is in the same intracellular 
locations as ANP, especially if it is avail-
able for action at the sites of ANP produc-
tion, that is, in the podocytes. Th is was 
largely left  unexplored in this study. Since 
the medullary thick ascending limb is the 
structure where NKCC2 mediates sodium 
reabsorption, it is logical that ANP and 
corin should be found in those sections. 
It is unclear why ANP would have some 
of its highest production and be colocal-
ized with corin in the inner medullary 
collecting duct. 
 Next the authors used the corin knock-
out mice to make a connection between 
corin, ENaC, and phosphodiesterase 5 
(PDE5). Th ey compared wild-type mice 
with knockout mice and assessed the lev-
els of   -,   -, and   -ENaC, Na,K-ATPase, 
aquaporin-2, PDE5, phospho-PDE5 
(pPDE5), and cGMP-dependent protein 
kinase II (PKGII) in membrane fractions 
from whole-kidney homogenates. In the 
absence of corin, there was an increase in 
  -ENaC, PDE5, pPDE5, and PKGII. Th e 
authors proposed that the defective ANP 
in the corin knockout mice might result 
in an overproduction of aldosterone and 
that this might cause an increase in   -
ENaC. Th ey determined the abundance 
of pathway components (Akt, pSGK1, 
pAkt, WNK1) that should be upregulated 
by aldosterone and found them reduced. 
Th ey say that this argues against aldoster-
one-dependent sodium retention. Th is 
argument would be more convincing if 
they had actually determined the level of 
aldosterone in the corin knockout mice. 
It may be that these mice do not mimic 
wild-type mice in their response to ANP. 
In this case, conclusions may be prema-
ture. It leaves the question of why   -ENaC 
or PDE5 is elevated in the corin knockout 
animals. Th e hypothesis of the authors is 
that diminished ANP, resulting from 
impaired proteolytic activation, results in 
diminished cGMP that, in turn, could 
account for the increased ENaC. To 
address this hypothesis, they used mpk-
CCD cells in culture. Th ey loaded cells 
with IBMX and 8-Br-cGMP for 24  h, then 
removed these components and looked 
for changes in the levels of   -ENaC, 
PDE5, pPDE5, and PKGII. All of these 
proteins  increased upon cGMP 
 Figure 1  |  Influence of corin in the nephrotic kidney. ( a ) Signaling effects downstream of 
corin in the normal kidney. Corin, produced in the kidney, will cleave pro-ANP to make active 
ANP. ANP will bind to its receptor, natriuretic peptide receptor A (NPR-A), activating a guanylyl 
cyclase (GC-A) that will cleave guanosine triphosphate (GTP) and produce cyclic guanosine 
monophosphate (cGMP). cGMP (1) promotes afferent vasodilation and efferent vasoconstriction 
to increase glomerular filtration; (2) promotes retrieval of aquaporin-2 (AQP2) from the apical 
membrane; (3) depresses epithelial sodium channel (ENaC) activity; (4) activates cGMP-
dependent protein kinase II (PKGII), which depresses renin release; and (5) binds to and activates 
phosphodiesterase 5 (PDE5), which feeds back to inhibit the cGMP. The overall effect is natriuresis 
and diuresis. ( b ) Signaling effects downstream of corin in the nephrotic kidney. Corin is decreased, 
resulting in decreased cleavage of pro-ANP to ANP. The decreased ANP levels result in decreased 
cGMP production. The trickle-down effect results in decreased glomerular filtration rate, increased 
AQP2, increased ENaC (although only the   form), increased PKG (explanation unknown), and 
increased PDE5 and phospho-PDE5 (pPDE5) (an apparently paradoxical response, since the lower 
cGMP would be further lowered by the action of the excessive PDE5). The overall effect is sodium 
and volume retention. 
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 withdrawal. When they transfected the 
cells with excess PDE5, they observed 
increased   -ENaC expression. Additional 
transfection confi rmed that an increase 
in one of these proteins was matched by 
increases in the others. Th e authors do 
not provide an explanation of how the 
decrease of cGMP might result in an 
increase in these proteins, nor why the 
increase in any one should cause an 
increase in the others. ENaC is regulated 
by a complex combination of proteolytic 
activation, traffi  cking, ubiquitination, and 
recycling. 5 None of these seems to 
account for the increase in abundance in 
the corin knockout mouse. In addition, it 
is unclear why only the   -ENaC would be 
upregulated, given that all three subunits 
are required for channel activity. It is pos-
sible that the decrease in cGMP impacts 
the degradatory pathway for   -ENaC, 
although an isoform-specifi c degradation 
has not been proposed previously. The 
observation is intriguing; however, the sig-
naling pathway that could lead to this is still 
obscure. It might have been interesting to 
know how both corin and ANP in these 
cells responded to the withdrawal of 
cGMP ( Figure 1 ). 
 PDE5 is present in proximal tubules and 
collecting duct. 6 Elevated levels of PDE5 
have been reported to contribute to renal 
resistance to the actions of ANP, resulting 
in Na   +   retention and volume expansion, 3 
so elevated levels of PDE5 are not surprising 
in the nephrotic syndrome animals. What 
causes the increase is not explained in the 
article by Polzin  et al. 1 If corin is decreased, 
and ANP levels are correspondingly 
decreased, then the increased PDE5 would 
not be a response designed to cope with the 
actions of ANP. PDE5 is cGMP dependent, 
being phosphorylated to its active form by 
PKG, and feeds back to degrade the cGMP 
in a control loop. It seems paradoxical, 
therefore, that a decrease in cGMP should 
lead to an increase in PDE5. 
 A good study is one that provides solid 
data, presents intriguing theories, and 
leaves readers with some questions for 
which they eagerly await answers. Th is 
study does all that, and we are left  with 
questions such as: Since corin is a pro-
tease, does PDE5 infl uence the signaling 
pathway that leads to corin activation? 
Are there substrates for corin in the 
 kidney other than ANP? Is there any evi-
dence for direct interaction between 
ENaC and corin? What is the proteolytic 
enzyme that cleaves   -ENaC in the 
nephrotic kidney? Why does the decrease 
in cGMP result in increased levels of 
these proteins? What is the connection 
between PDE5 and   -ENaC; are they 
functionally linked or just coincidentally 
increased in the nephrotic kidney? 
 Th e authors conclude that their fi ndings 
 ‘ strongly suggest that corin has a key func-
tion in the control of Na   +   and water 
absorption in proteinuric kidney dis-
eases. ’ 1 By placing corin in the kidney and 
showing that corin, ANP, and cGMP are 
reduced in the nephrotic kidney concom-
itant with increases in   -ENaC, PDE5, 
pPDE5, and PKGII, Polzin and colleagues 1 
provide strong evidence in support of that 
conclusion. 
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 Increased incidence of end-stage renal 
disease with persistent high morbidity and 
mortality of dialysis treatment has led to a 
widening gap between potential recipients 
and the limited number of organ donors. 
Older donors, living and deceased, became 
the resource to fi ll this need over the past 
decade ( Figure 1 ).  Since 1999, the United 
Network for Organ Sharing (UNOS) 
reported an increase in kidney donors 
above age 65 of 339 % and 262 % for living 
and deceased donors, respectively. Initial 
single-center reports of up to 5-year 
patient and graft  survival of recipients of 
kidneys from living donors 50 – 71 years 
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 Kidney transplantation from older 
donors: proceed with caution 
 Sameh R .  Abulezz 1  
 Kidney transplantation from living and deceased donors above age 60 
increased in recent years in response to organ shortage. With careful 
screening, short-term follow-up of living elderly donors demonstrated 
stable remaining kidney function even in those with mild and controlled 
hypertension. The need for confirmation of long-term safety is 
heightened by the report by Tan  et al. of a high prevalence of 
nephrosclerotic changes in these donors and evidence for a decreased 
number of glomeruli in elderly deceased donors.
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